Solid-immersion lens (SIL) microscopy requires the dimensions of the SIL to be precisely fabricated, otherwise spherical aberrations will be encountered [1] . Uncorrected spatial aberrations not only degrade the lateral and axial resolutions of a sub-surface microscopy system, but also couple into the time domain to stretch the pulses beyond their minimum transform-limited durations [2] . Chromatic aberration remaps the arrival times at the focal plane of the different colors in the pulse, while spherical aberration changes the position of the best focal plane for each frequency of the pulse. Therefore, time-domain measurements can be applied to diagnose the presence of spatial aberrations, and even to inform an experimental strategy of minimizing their impact. Here we describe an investigation of this approach in the context of sub-surface SIL microscopy of integrated circuits.
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A mode-locked Er:fiber laser operating at 1550 nm wavelength and generating 144-fs pulses was employed to perform two-photon optical beam induced current microscopy. The microscope incorporated a silicon central SIL, which enhances the NA to 1.46 , and an aperture to analyze spherical aberrations. A Michelson interferometer was used to split pulses into two time-delayed replicas which could later be recombined to yield the interferometric autocorrelation function. An edge response at the silicon-metal transition was used to evaluate the lateral spatial resolution of the nonlinear imaging system. The presence of spherical aberration caused the focal position corresponding to the minimum point spread function diameter to shift when the aperture was closed. This spatial behavior was compared with time-domain measurements. The pulse duration was plotted as a function of defocus, together with a second-order polynomial fit, while the aperture was closed (Fig. 1a) . Defining the maximum autocorrelation signal amplitude to correspond to z = 0 μm, we observed that the shortest pulse duration occurred at z = 90 μm. This finding indicates a problem with either spherical aberration or propagation time difference, or both. The data shown in Fig. 1b revealed that the position for the shortest pulse duration with the aperture removed was shifted to z = 105 μm. This result indicates either spherical aberration or chromatic aberration, or both. The maximum autocorrelation signal amplitude is located at the position where spherical aberration is the smallest, which indicates the best spatial resolution [2] . Also the positions corresponding to the minimum pulse duration and the maximum autocorrelation amplitude always coincide for an aberration-free lens. The difference in the positions of minimum pulse duration and maximum autocorrelation signal amplitude with a closed aperture and without an aperture indicate that chromatic aberration and spherical aberration are present. Assuming that the microscope objective is highly corrected for aberrations, the aberrations must therefore arise from either the SIL or from an aberrated incident wavefront on the microscope.
Our results are the first example of applying the theoretical insight from [2] in a nonlinear microscope. The approach offers a potentially simple means of minimizing whole-system aberrations by iteratively optimizing the objective lens position and the illumination wavefront until the minimum difference has been found between the positions of minimum pulse duration and maximum autocorrelation signal.
